A necessary condition for investigating microbial communities in chemocline zones
Introduction
In ecosystems of stratified waterbodies, a considerable contribution to material and energy fluxes is made by processes occurring in the zones of sharp physicochemical gradients of the water column, i.e. in the thermocline, the chemocline, and the picnocline. Much research has been done on planktonic communities and processes in the gradient zones of stratified lakes (e.g, Jorgensen et al., 1975; Overmann, 1997; Tonolla et al., 2003; and many others) , but the structure and functions of these communities and their ecological role in the waterbodies are still underinvestigated. Moreover, stratified lakes are invariably attractive to researchers as "natural laboratories" in which different ecological niches of plankton microorganisms are formed along such physicochemical gradients as temperature, redox conditions, salinity, density, etc. It is well known that an adequate insight into biochemical processes and biota in the gradient zones of small lakes can only be provided by high-precision sampling at a depth resolution of several centimeters. It was reported that use of conventional samplers led to a neglect of ecologically significant heterogeneities in the distribution of plankton microorganisms (Baker et al., 1985) .
At the present time, the most frequently used devices for high-precision sampling are various modifications of the thin-layer pneumatic multisyringe sampler, which allows simultaneous collection of samples at different depths at intervals of 2-5 cm. This device was described in detail by Baker et al. (1985) . Similar devices are successfully used to investigate stratified lakes (e.g., Overmann, 1997; Tonolla et al., 2003) .
In our opinion, however, employment of pneumatic drive creates certain difficulties during sampling. For instance, when the sampler is submerged deep into the water, the air in the pneumatic drive system is inevitably compressed by the water column, which can force plungers to be drawn out too early and, hence, lead to inadequate sampling, particularly when it is performed at considerable depths (below 10 m).
This compression can be compensated for by pumping the air into the tubing while submerging the device to the target depth, in order to maintain enhanced internal pressure. This, however, can only be done if all connections in the pneumatic drive system are hermetically tight, which may be not the case for samplers that have already been used many times. Another difficulty may arise during sample collection. To take a sample, the researcher on board pumps the air out of the tubing, rarefying the air to the extent necessary for the plungers to be drawn out. If the movement of a plunger is constrained due to its wear and tear or misalignment, slight air rarefaction will not be enough for the plunger to be drawn out. If more air is pumped out to attain stronger rarefaction, the tubing will be compressed by the surrounding water and the plunger will not be able to move.
As a result, the jammed syringe will not take any sample. To avoid these problems, we propose our modification of the multi-syringe sampler (Rogozin and Tolomeyev, 2005) .
Construction details
As a prototype, we used the device described by Baker et al. (1985) , but we replaced the pneumatic drive with the hydraulic one. Our sampler is schematically shown in Figure 1 .
The basis of the construction is the same row of transparent plastic syringes. The plastic shafts of the syringes are shortened, leaving only 1-3 cm behind the rubber plunger, which can then move up and down the barrel of syringe under the influence of pressure (Baker et al., 1985) . Each syringe is fitted either with a rubber bung or, if large syringes are used, a metal lid with rubber encapsulation. Each bung or lid is fitted with a tap, connected to manifold running the length of the sampler.
The rear parts of the internal volumes of all syringes are interconnected via the manifold, which is tubing-connected to the pump held by the researcher on board (not shown in the picture).
The whole of the internal volume of the tubing, manifold, and rear parts of the syringes is filled with the working fluid, which serves to transmit the hydraulic pressure to the syringe plungers. In order to collect a sample, the device is submerged to a target depth and, then, the working fluid is pumped out to reduce the pressure in the hydraulic circuit. The plungers of all syringes are drawn out (in the same way as in the pneumatically operated sampler) and the lake water is sucked into the front parts of the syringes through the nozzles.
In our modification we use 20 150-ml plastic disposable medical syringes (Janet's syringes, Tyumen, Russia) with shortened shafts and fitted with metal lids with rubber encapsulations; the distance between the nozzles is 5 cm (Fig. 1 ). All The working fluid can be water, but we prefer to use a 50 -70% ethanol. Firstly, this prevents the hydraulic system from freezing when the device is transported to the sampling position at below-zero (°C) temperatures. Secondly, this is a protective factor against bio-fouling of the internal volumes of the syringes and the hydraulic system, which is important during extended storage. Interestingly, the authors of the pneumatic prototype advise storing the sampler full of water, to minimize the problem of sticking plungers (Baker et al., 1985) .
Our sampler is always full of liquid and, so, the probability of sticking is naturally low. Experience shows that alcohol solution does not significantly decrease the smoothness of plungers' movement if one uses standard plastic medical syringes with rubber-tipped plungers. There is no need to apply any lubricant to the plungers.
Immediately after the sample is collected and the device is taken out of the water, we put a hermetic rubber cap on the nozzle of every syringe, to prevent samples from contacting the environment. As a rule, samples should be expelled out of syringes one at a time, in any order.
To take out a sample, one should simply remove the nozzle cap of a selected syringe and then pump the working fluid back into the hydraulic system through the tubing using the same (or 
Examples of data collected with hydraulically-operated multi-syringe sampler
We use this sampler to study the structure of planktonic microbial communities in the chemocline regions of meromictic lakes. As an example of the data obtained using our sampler, we
show the vertical distributions of physicochemical properties of the water and abundance of phototrophic bacteria in Lake Shunet, which is situated in the south of Siberia (Khakassia, Russia) (Fig. 2) . Mineral content of the water in this lake is distributed very non-uniformly in the water column, which causes sharp gradients of physicochemical properties of the water in the chemocline region and leads to considerable accumulation of sulfide in the monimolimnion.
The chemocline zone of this lake is rather close to the surface (about 5 m down) and, thus, there is enough light there for phototrophic anoxic bacteria to develop abundantly. Pigment analysis and direct counts using reflected-light microscopy revealed steady microstratification of purple and green sulfur bacteria, which persists in the chemocline of this lake throughout the year, even under ice (Fig. 2a) .
The number of phototrophic bacteria in Fig. 2 are expressed as mean ± SE.
Throughout the year, green sulfur bacteria (GSB) form a numerical peak a few centimeters below the numerical peak of purple sulfur bacteria (PSB) (Fig. 2) . The PSB numerical peaks were found at the same depth as turbidity peaks, registered independently, using a submersible multi-channel probe (Hydrolab DATA Sonde 4, Austin, Texas, USA) (Fig. 2) . In summer, PSB formed a "purple" layer about 5 cm thick in the chemocline of Lake Shunet; this layer was visible to the eye in one or two syringes of our sampler.
The PSB abundance in that layer was extremely high -about 10 8 cell ml -1 . So far, a similarly high abundance of PSB has only been reported for the chemocline of Lake Mahoney (Canada) (Overmann, 1997) . The best depth resolution can be obtained using multi-syringe samplers, both pneumatic (e.g., described by Baker et al., 1985) and hydraulicallyoperated ones, such as the sampler proposed in this paper. An alternative to precision sampling is pumping, which is also frequently used in studies of stratified lakes (e.g., Jorgensen et al., 1979) . However, A.L. Baker and his coauthors (1985) showed experimentally in stratified aquaria that pumping yields lower resolution than multi-syringe samplers, as the flow rate and the large total volume extracted with the pumping inevitably leads to disturbance of layering.
Conclusion
Thus, our sampler has the following advantages over the well-known thin-layer pneumatic multi-syringe samplers:
1. the plungers cannot move spontaneously, which ensures sampling adequacy, especially in deep-water sampling (deeper than 10 m);
2. filling of the syringes with the sample can be monitored from a distance;
3. during storage, the internal volume of the syringe and the whole hydraulic system is aseptic (if 70% ethanol is used as a working fluid), which is important if samples are to be used for microbiological tests.
4. the problem of sticking plungers is minimized, even after extended storage.
The proposed sampler is very reliable. We have used the modification shown in Fig. 1 for five years to investigate the micro-stratification of microbial communities in the chemocline zones of the meromictic lakes Shira and Shunet (Russia, Southern Siberia) and a number of other stratified waterbodies. The operation of the samplers has been faultless and no technical service has been provided.
